Chapter 7 94 abstract Purpose: To explore the association between diffuse excessive high signal intensity (DEHSI), punctate white matter lesions (PWML) and ventricular dilatation around term equivalent age (TEA) and clinical follow up at 2 years in very preterm infants. Material and Methods: Ethical approval for this prospective study was given by the institutional review board and informed parental consent was obtained. An unselected cohort of 110 preterm infants (gestational age <32 weeks) were imaged around or after TEA. Clinical follow up was performed at a corrected age of 2 years and consisted of a neurological examination and a mental and developmental assessment (Bayley Scales of Infant Development). Univariate analyses and logistic and linear regression were performed to examine relationships between variables.
introduction
Cystic periventricular leucomalacia and periventricular venous infarction are severe forms of white matter (WM) injury in preterm infants and are associated with abnormal neurological outcome. [1] [2] [3] [4] [5] Over the last years, there has been a gradual change in incidence, from cystic periventricular leucomalacia to more diffuse WM injury, where the majority of very preterm infants now show more subtle abnormalities of the developing WM. [6] [7] [8] [9] Magnetic resonance (MR) imaging findings such as diffuse excessive high signal intensity (DEHSI) and punctate white matter lesions (PWML) have been assumed to represent a diffuse and subtle form of WM injury in preterm infants. 5, 7, [10] [11] [12] [13] [14] Diffuse WM injury is generally held responsible for the high incidences of mental and behavioural disorders in very preterm born infants. 3, 4, [14] [15] [16] [17] Due to the lack of histological proof and an indistinct association with neurological outcome, it remains uncertain whether cystic periventricular leucomalacia, DEHSI and PWML are a continuum of disorders resulting from an injurious process of the developing WM. 3, 4, 18 Several classifications of WM injury have been proposed. 6, 14, 19 Some of these have included DEHSI. [19] [20] [21] However, on the basis of the very high incidence of DEHSI found in very preterm infants who are imaged around term equivalent age (TEA). 6, 7, 14 We hypothesize that DEHSI reflects a prematurity related developmental phenomenon. PWML seem to be associated with microstructural changes in the WM and impaired brain development and neurological function around TEA. [22] [23] [24] In addition, alterations in brain volumes and ventricular dilatation are thought to reflect diffuse WM injury and may be associated with early adverse neurodevelopmental outcome. 11, 25, 26 Since the impact of DEHSI, PWML and ventricular dilatation on neurodevelopment is still unclear, we aimed to explore the association between DEHSI, PWML and ventricular dilatation around TEA and clinical follow up at the corrected age of 2 years in an unselected cohort of very preterm infants (gestational age <32 weeks).
Patients and methods

Preterm infants
As part of a prospective neuro-imaging study performed in an unselected group of very preterm infants (gestational age <32 weeks), admitted to the tertiary neonatal unit of our hospital between May 2006 and October 2007, 113 infants were included for MR imaging around or within four months of TEA. Ethical approval for the study was given by the institutional review board and informed parental consent was obtained for each infant.
MR imaging was preferably performed between 40 and 44 weeks postmenstrual age, but was postponed in infants who were still clinically unstable and could not be transported to the MR imaging unit at that age.
Three infants were excluded from this part of the study because of congenital nervous system abnormalities, diagnosed on their MR images, resulting in 110 very preterm infants. The mean age of the whole group was 29.4 weeks ±2.0 (standard deviation), with a range of 25.6-31.9 weeks. There were 68 male (mean age 28.8 weeks ±2.0, range 25.6-31.9 weeks) and 42 female (mean age 29.6 weeks ±2.0, range 25.7-31.9 weeks) infants.
Baseline data on WM injury and cerebellar injury and incidences of abnormalities in this cohort have been published previously. 7, 24, 25 
Perinatal characteristics
To adjust for other factors that may influence neurodevelopmental outcome, relevant clinical parameters 3, 24, 26 were collected from the patient files (Table 1) .
Image and data acquisition
All MR imaging examinations were performed with a 3 Tesla MRI system (Philips Medical Systems, Best, the Netherlands) according to a standard protocol for imaging the newborn infant's brain. 27 The infants were sedated by using chloral hydrate 
DEHSI, PWML and ventricular dilatation
All T1-W and T2-W images were analyzed at the same time in one consensus reading by two investigators (FTdB, pediatric neuroradiologist with more than 15 years of experience and LML, research physician with more than 4 years of experience) for presence of DEHSI, PWML and ventricular dilatation.
DEHSI was defined as regions of high signal intensity in the periventricular frontal and parieto-occipital area on T2-W images, corresponding to a low signal intensity on the T1-W images and approaching the signal intensity of cerebrospinal fluid 5, 7 (Figure 1 ). PWML were assessed on T1-W and T2-W images as punctate respectively high and low signal intensity lesions, more pronounced on T1-W than on T2-W images. For differentiation from small hemorrhagic lesions, they were only defined as PWML if they were not visible on T2*-W gradient echo sequences ( Figure 2 ). 5, 12, 14, 23, 28 Infants with PWML were categorized in two groups: those with 6 or fewer PWML and those with more than 6 PWML, adapted from the WM abnormality grading by
Miller et al. 10 Ventricular size was measured on coronal reconstructions of T1-W three dimensional images. 29 A ventricular size of less than 12 mm was considered normal or mild dilata- tion, a ventricular size between 12 and 16 mm was considered moderate dilatation and a ventricular size greater than 16 mm was considered severe dilatation. 21 
Clinical follow up of very preterm infants
Around 2 years of age corrected for prematurity, the infants were seen by an experienced neonatologist, who was unaware of the neuro-imaging findings. Each child underwent a standardized neurological examination to assess presence of cerebral palsy or abnormal muscular tone. Gross Motor Function Classification System (GMFCS) level was assigned. 30 A level of 2 -3 was considered moderate cerebral palsy and a score of 4 -5 was considered severe cerebral palsy. Mental delay was seen in five of 81 (6.2%), motor delay was seen in seven of 72 (9.7%) infants, and cerebral palsy and abnormal muscular tone were seen in six of 84 (7.1%) infants ( Table 2 ). For the CBCL there was a significant difference between singletons and twins or triplets. The latter showed significant fewer behavioral problems (p<0.001 for externalizing problems and p<0.02 for total problems) than did singletons. Table 3 shows the presence of DEHSI, PWML and ventricular dilatation in relation to neurodevelopmental outcome.
Relation between MR findings and neurodevelopmental outcome
Presence of DEHSI was not associated with lower mental (MDI) or psychomotor (PDI) development, or with cerebral palsy. The presence of 6 or more PWML was significantly associated with lower MDI (p=0.02) and PDI (p<0.001), and more severe motor delay (p=0.002) and cerebral palsy (p=0.01). These infants also had more total and externalizing behavioural problems according to the CBCL (p=0.003 and p=0.01 respectively 
discussion
We studied in very preterm infants the association between MR imaging findings in the WM and ventricular dilatation, and neurodevelopmental outcome at a corrected age of 2 years. Our most important finding is that DEHSI, detected in nearly 90% of our very preterm infants around TEA, was not associated with abnormal neurodevelopmental outcome. The fact that DEHSI only occurs during a specific age period, is found in the vast majority of infants imaged around TEA, and in contrast to PWML and ventricular dilatation, is unrelated to neurological outcome, supports our hypothesis that DEHSI is a developmental, prematurity related phenomenon and does not reflect WM injury. In addition, in an earlier study we did not find any independent clinical risk factors for the occurrence of DEHSI. 24 Authors of previous cross-sectional studies, either using qualitative or quantitative MR imaging, suggested that DEHSI in preterm infants reflects WM injury. 13, 18, 32, 33 However, in recent literature, there is considerable doubt about the clinical significance of DEHSI and whether DEHSI indeed reflects WM injury. 3, 5, 17, 34, 36 We studied the direct associa-tion between DEHSI and neurodevelopmental outcome at 2 years. Our results confirm the doubts of aforementioned authors and indicate that DEHSI does not reflect WM injury. 3, 5, 17, 34 In a neurodevelopmental follow up study of preterm infants assessed at a corrected age of 18 months, Dyet and colleagues 16 concluded that diffuse WM abnormalities and post hemorrhagic ventricular dilatation correlate with reduced developmental quotients. However, the number of infants included with only DEHSI, which in their study correlated with a significantly reduced developmental quotient, was very small. Krishnan and colleagues, 35 using diffusion weighted imaging, found an association between higher apparent diffusion coefficients (ADC) in WM and poorer developmental performance at a corrected age of 2 years in 38 preterm infants imaged at TEA. However, ADC values were determined in the WM of the centrum semi-ovale and specific periventricular frontal and parieto-occipital WM regions where DEHSI mostly occurs were not assessed.
The process of injury to the developing WM in preterm infants is still not fully understood, partly because of the lack of histological correlates. 4, 17, 37 Therefore, the exact origin of DEHSI remains unclear. The same is true for PWML, of which, although they are thought to represent isolated clusters of microglia, the exact histological or pathological process is, to our knowledge, so far unknown. 18 However, the focal appearance of PWML, in combination with the lower incidence (29 of 110, 26%) and the significant relation with abnormal neurological outcome, suggests that, in contrast to DEHSI, this finding should be regarded as part of the spectrum of WM injury. Other authors have shown that PWML influence brain development and may cause microstructural changes in the WM of the cortical spinal tracts and that they are associated with impaired visual function around TEA. 38, 39 In some other studies, that included smaller numbers of infants with PWML, in contrast to our results, no correlations were found between PWML and neurodevelopmental outcome. 14, 16 Because injury to the brain occurs around premature birth 23, 40 and especially PWML seem to fade or disappear, 5, 16 imaging around or even after TEA may be a limitation to our study. However, it is currently accepted to perform MR imaging in very preterm infants around TEA for assessment of brain injury or impaired brain development. 3, 5, 6 Another limitation of our study is that nearly one-quarter of our cohort was lost to follow up. However, at baseline, there were no differences in clinical parameters or occurrence of DEHSI, PWML, and ventricular dilatation between infants with and infants without clinical follow up. In addition, there were a small number of neurologically impaired children, which reduced statistical power. Finally, mental delay or handicap is especially difficult to test at this young age. Subtle influences on neurodevelopmental outcome can therefore not be excluded. Long term follow up at school age is needed to assess the exact influence of MR imaging findings on neurodevelopmental outcome in children born very prematurely.
In summary DEHSI was only seen during a specific age period and its incidence was very high in infants imaged around TEA. DESHI was not related to abnormal neurological outcome at a corrected age of 2 years, while PWML and ventricular dilatation were. These results indicate that DEHSI should not be considered part of the spectrum of WM injury, but rather a prematurity related developmental phenomenon.
advances in knoWledGe
Diffuse excessive high signal intensity (DEHSI) of the white matter represents a prematurity related developmental phenomenon rather than white matter injury, given its high incidence in preterm infants around term equivalent age, its absence after a postmenstrual age of 50 weeks, and its association with normal neurological outcome at a corrected age of 2 years.
imPlications for Patient care
Diffuse excessive high signal intensity (DEHSI) of the white matter in very preterm infants around term equivalent age is not correlated with an adverse neurological outcome at 2 years.
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